Procedure Preparatory to the main study the ad-libitum food consumption of 7 mice was recorded throughout pregnancy and lactation ( Fig. 1 ). From these results, restricted rations were calculated which were 40, 50 and 60% of the ad-libitum intake. Quantities were increased at intervals as shown in Fig. 1 for the 50 % diet. The late rise in food intake starting on day 18 post partum probably reflects the increasing consumption of solid food by the mouse pups. The rations for undernourished females were placed within their cages at about 1100 daily. All the females in the main study were primiparous and were initially housed 3 to a cage. A male was introduced to each cage at 1700 daily and removed at 0900 the next day. Mating was detected by examining the females for the presence of vaginal plugs immediately after the removal of the male and, if positive, the females were transferred to clean cages in which they were housed singly thereafter. The day on which mating was detected was designated day 0 of pregnancy. Whether or not the females were actually pregnant, as judged by abdominal distention, was recorded on days] 6 to ]8.
Cages were inspected for litters twice daily, at 0900 and 1630. On the day of birth (postnatal day 0) young
Summary
Rats undernourished throughout pregnancy and lactation lose few young during the suckling period and wean normal size litters of extremely growth-retarded offspring. Comparable treatment of maternal mice, on the other hand, resulted in considerable nestling mortality. Thus fewer young were reared to weaning and these were not nearly as growth-retarded. Detailed evidence is given of the effects of different schedules of undernutrition throughout pregnancy and lactation on the reproductive performance of mice. These findings are compared with those for rats and possible reasons for the difference in nestling mortality discussed.
The search for lasting effects on behaviour of undernutrition in early life has attracted a great deal of experimental effort in recent years (Scrimshaw & Gordon, 1968; Cravioto, Hambraeus & Vahlquist, 1974) . For reasons that remain obscure the vast majority of these investigations have been on laboratory rats. Accepting that much important experiment is impossible to do directly in humans, the predominant use of a single animal species is clearly unsatisfactory when extrapolation to the human condition is a prime object of the research. The more species investigated, the more confident can be any generalisations or extrapolations. Recently we and a few other groups have started to use mice for early undernutrition research (Howard & Granoff, ] 968; Randt & Derby, 1973; Bush & Leathwood, 1975; Castellano & Oliverio, 1976; Smart & Whatson, 1977) . From the point of view of later behavioural investigation, one of the most acceptable methods of growthretarding the young is by underfeeding their mother. We present here some basic information on the effects of different schedules of undernutrition on the reproductive capacity of female mice, and report some of the problems we have encountered.
Materials and methods Mice
The mice were of a random-bred albino strain which has been maintained as a closed colony in the Medical School for several years. They were housed in opaque plastic cages, 33 x 15 x J3 Col high, with a wire lid ('M2'; North Kent Plastic Cages Ltd, Home Gardens, Dartford, Kent). Wood shavings served as cage litter and nesting material. The mouse room, which was on a 12 h white Iight/12 h deep red light cycle switching were counted, sexed and weighed. Litters were reduced to 8 young, where possible S males and 3 females, but litters of fewer than 8 young were not made up to 8. Litters were inspected daily for deaths. All young were weaned and weighed at 2S days. The numbers of mice in the 4 treatment groups at various stages of reproduction are given in Table 1 . 11 mice became pregnant without our having detected mating and had, therefore, to be assigned to the 100% group. Their results are included with those for the other 100% mice where appropriate (Table 4 and Figs 2 and 3).
Statistical analysis
The significance of differences between means was assessed by Student's t test and, where appropriate, by the paired-comparisons t test. With respect to bodyweights of the young, statistical analysis was performed on litter means rather than individual weights in accordance with Abbey & Howard (1973) . Thus the N value for S litters each comprising 8 young would be 5 and not 40.
Results
Most of the mice which mated in the 50, 60 and 100% groups were later found to be pregnant and subsequently produced viable litters (Table ] ). 9 out of ]2 of the 40% mice were diagnosed as pregnant at 18 days, but live litters were found with only 3 of these. In one case the litter was found dead. Typically the non-fecund mice ceased to look pregnant and had traces of blood around the vulva or on the wood-shavings of the cage floor on day 2] or 22 after mating. Possible interpretations of this finding are discussed below. There was a tendency for pregnancy to be prolonged in undernourished mothers, among which 20-day pregnancies were rather more frequent (Table 2) . 3 It tGave birth to a stillborn litter.
Maternal weights did not differ between groups at mating (Table 3) . However, the control mothers weighed much more than the undernourished mothers when weighed within 24 hours after Smart & Silence parturition. Quite apart from the products of conception the control mothers gained weight during pregnancy « 0·001), whereas the underfed mothers lost weight (paired comparisons t test, P<O·Ol and 0,001 for the 60 and 50 % groups respectively). 100% 9 40,9 ± 6,0 47,3 ± 4,7 44,9 ± 3·1 60% 10 38,7 ± 4'9tt 36,0 ± 3'4"· 36·2 ± 2'1·" 50% 9 40·5 ± 3·9tt 35,3 ± 3'2"· 35,7 ± 2'7·" 40% 3 42·3 ± 2'0t 33,9 ± 2'9"· 31·6 ± 2'6·" tI mouse fewer and tt2 mice fewer than stated. ·"Compared with the 100% group, P<O·OOI (t test). tAfter the birth of the litter.
During lactation the control mothers tended to lose weight, while the underfed females somewhat unexpectedly managed to maintain theirs.
Maternal undernutrition significantly retarded foetal growth, as reflected in the lower birth weights of the underfed groups (Table 4 ). Compared with the controls, the 60, 50 and 40 % groups had birth weight deficits of 13, 13 and 28 % respectively. Despite its large deficit the 40% group did not differ significantly from the other underfed groups, the lack of statistical significance being due probably to the small number of litters. Litter size in the 100% group was larger than in the 3 undernourished groups pooled (P<0'025), but there were no significant differences between individual groups. 1·46 ± 0·25" 50% 9 8,7 ± 2·9 1·47 ± 0·27" 40% 3 8,0 ± 3,0 1·21 ± 0,13·" tIncludes all live-born litters, and not only those from timed pregnancies. "P<O'01, ·"P<O·OOI, compared with the 100% group (t test).
Standardisation of litter size at birth was not complete. Whereas large litters were reduced to 8 pups, small litters were not made up to 8 by fostering. However, the latter were relatively infrequent and no live litter had fewer than 4 young at birth. There was no significant difference in 'standardised' litter size between groups. Nestling survival rate was much higher in the control than in the experimental groups, such that the 100% group weaned more pups per litter than any of the underfed 25 Weaning weight is known to be inversely related to litter number, and hence differences between groups in number of young weaned. as in the present experiment, might obscure any effect of diet on weaning weight. Therefore simply comparing mean weights is not in this instance an effective way of revealing dietary differences. Regression lines of mean weaning weight against number of young weaned per litter were calculated for each group (Fig. 3 ) and the lines compared by analysis of covariance. Males weaned at a higher bodyweight than females and hence the results for males and females were analysed separately. Considering all 4 regression lines simultaneously, the lines did not differ significantly in slope, but the null hypothesis that a single regression line could adequately fit all groups had to be rejected (F=56'9, d.f. 3/36, P<O·OOl) . Subsequent analysis was done on pairs of lines for differences in elevation (Fig. 3) . Each line differed significantly from each other line (all P<O·OOI except 50% v 40% which was P<O·OI). Hence there was a highly significant effect of diet on weaning weight when number of young weaned was taken into consideration, the magnitude of the effect depending on the severity of the nutritional deprivation. The effects on female weaning weights were substantially the same.
Discussion
The majority of investigators of early growth restriction in mice have chosen to begin the period of nutritional deprivation at birth, and in the few cases in which nutritional deprivation has been imposed during pregnancy there is little information on reproductive performance. Nevertheless, the papers contain comments which are entirely consistent with our difficulty in obtaining litters from our most severely restricted group (40 %). Bush & Leathwood (1975) were, like us, successful with 50 % restriction of the stock diet, but remarked that with more severe restriction the mothers ate their young shortly after birth. Randt & Derby (1973) found that feeding a low-protein (8 % casein) diet throughout pregnancy and lactation was attended by a high rate of stillbirths and cannibalism.
The fate of the litters lost by our apparently pregnant 40% females remains a mystery. Typically on day 21 or 22 they would cease to look pregnant and there would be traces of blood around the vulva and on the wood shavings on the cage ·floor. The presence of blood indicates that resorption of the foetuses is unlikely to have occurred, unless associated with a bloody discharge at about the time the litter would have been born. Moreover Berg (1965) , who reported a high rate of resorptions in rats fed a 25 % of ad libitum diet from mating, groups (Fig. 2) . Because of the small difference in 'standardised' litter size in favour of the 100% group, nestling mortality is a more meaningful measure that] number of young weaned. Nestling mortality was very much lower among control young than undernourished young (P<O.OOl for comparisons of 100% with each underfed group). Mortality rate appeared to be related to severity of undernutrition, being in the order 40% group > 50 % > 60 % > 100 %, though the underfed groups did not differ significantly from one another. Fig. 2 . Mean number of pups alive between birth and weaning in the 4 nutritional groups. Lillers of more than 8 pups wcre reduced to 8 on the day of birth. Fig. 3 . Weaning weights. in relation to number of pups weaned. of males from the 4 nutritional groups. Each point on the graph is the mean for I liller. Some values coincided and hence the number of points shown is fewer than the actual number. Equations for the regression lines are: 100% group. y=27'74-0'97x; 60%. y=26·13-2·02x; 50%. y=24 '90-2'26x; 40%, y= 19·00-1·53x. found that resorption occurred between days 8 and 11 of pregnancy. It is more likely that the females either ate their stillborn young, or killed live-born young and ate them, after an unusually prolonged gestation. Direct comparison is possible between the 50% group of mice and rats undernourished in almost exactly the same way in our laboratory.
That level of undernutrition had no significant effect in either species on the proportion of mated females subsequently giving birth to viable litters or on litter size (Smart, Adlard & Dobbing, ]972). The birth weight deficit compared with controls was similar in the 2 species (13 % in mice, 12 % in rats). However, nestling mortality was markedly exacerbated by undernutrition in mice but not in rats. Mother rats fed a 50 % of ad libitum diet during pregnancy and lactation lose few young during the suckling period, and no more than well-nourished controls (Smart & Dobbing, ] 971; Smart & Preece, 1973) . Probably due to this ability of underfed mother rats to keep their young alive despite having little milk for them, their offspring have a much greater weight deficit at weaning than corresponding mice (60-70 % deficit in rats, 35-45 % in mice).
Why maternal undernutrition should so seriously jeopardise nestling survival in mice but not in rats is difficult to explain. The higher metabolic rate of mice ought not to be relevant, because food intake was restricted to 50 % of ad libi tum in both species in the groups under comparison.
Theoretically, the severity of the undernutrition ought to have been the same. Undernourished mothers of both species lost about the same proportion of weight during pregnancy (excluding the products of conception: mice, 13 %; rats, 12 %; Smart et al., ]972) but, whereas the rats continued to lose weight during lactation, the mice maintained weight. Associated with this, the undernourished mother rats were typically emaciated by the end of lactation, whereas comparable mice were still in fair condition. Differences in fat reserves are unlikely to have been a factor. It is as if mice, having lost a certain amount of weight, defend against further loss by eating whatever is available, even their own young.
A specific nutrient deficiency, affecting mice but not rats at this level of deprivation, remains a possibility (before 1975 our rats were fed 'Oxoid Breeding Diet for Rats and Mice' but since then for reasons of local convenience, we have fed 'Porton Mouse Diet' to both rats and mice; rats fed 50% of ad libitum diet have shown good nestling survival on both diets).
